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TFPA computable general equilibrium (CGE) model is useful for the calculation of macroeconomic effects caused by
policy impacts, but it has been considered a sticking point to evaluate howwell the CGEmodel describes the real
economy. Amongvarious possible reasons for the difference between the standard CGEmodel and the realworld,
this paper focuses on a limited number of primary input factors and a ﬁxed ﬁgure for the calibrated coefﬁcient. A
CGE model incorporating research and development (R&D) activity is suggested as an alternative to address the
problems with the standard CGE model. The proposed model includes the following two setups: (1) a sector's
own knowledge is adopted as a production factor, and (2) others' knowledge is regarded as a source of spillover
effect to increase the total factor productivity (TFP) coefﬁcient. This R&D-based CGE model is evaluated on
whether its correspondence with reality is better than the standard model that omits the two setups. The two
models compute baseline scenarios of South Korean economic growth from 1995 to 2010, and these results
are compared to actual data. The results show that the R&D-based model ﬁts better than the standard model
in cases where the country has high TFP growth.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).1. IntroductionIn July 2013, the Bureau of Economic Analysis (BEA) at the U.S.
Department of Commerce began producing modiﬁed statistical data
based on a new standard: the System of National Accounts 2008
(2008 SNA). The U.S. became the third country after Australia and
Canada to adopt this standard. The European Union (EU) and South
Korea will also follow in 2014. For the 2008 SNA, the United Nations
Statistical Commission (UNSC) updated the former version of the
System of National Accounts 1993 (1993 SNA) in dealing with invest-
ment and trade data. What is essential on the investment side is that
expenditures on research and development (R&D), weapon systems,
and artistic originals are treated as investments. Here, the capitalization
of R&D expenditure has an important meaning because the inﬂuence of
knowledge-based industries is getting bigger in the modern era. None-
theless, the amount of R&D expenditure is under 3% of Gross Domestic
Product (GDP) in most countries. In particular, South Korea is spending
4.03% (in 2011) of GDP on R&D and is ranked as the top ﬁve countries
for absolute R&D expenditure,1 and thus, its national economy is
thought to get a large effect from R&D investments.
One of the reasons why R&D expenditure is important is that R&D
activity is the procedure used to produce “knowledge”. As the concept
of human capital is widely accepted since Becker (1964), it is regardedECD. (Figures at current PPP
. This is an open access article underas both a source of creative outcomes and anaccumulation through con-
tinuous investment. In this regard, human capital is also named knowl-
edge capital. Many studies have considered knowledge as a productive
asset and recognized it as a key factor in the analysis of the knowledge
economy in highly industrialized countries.
In classical production theory, R&D expenditure has been a reason
for TFP growth. TFP is a residual that cannot be explained by input
factors, and represents the productivity of the process. TFP covers
all possible explanations, including industrial structure, law, and institu-
tions. However, Griliches (1973) and Terleckyj (1974) proposed a rela-
tionship between TFP growth and R&D activity. Empirical studies
afterwards have reported on a positive correlation between R&D
activity and TFP growth. That means that countries eager to invest in
R&D show long-term increases in their TFP. Fig. 1 exhibits the TFP trends
for the last 20 years for certain Organization for Economic Cooperation
and Development (OECD)members, based on the calculations from the
OECD Productivity Database.2
Although TFP is growing from a long-term perspective, ordinary CGE
models assume the TFP coefﬁcient as a ﬁxed number in the process of
calibration. This is appropriate in either the case of nations with relatively
lowTFP growth or the case of analysiswith short-term impacts. However,
in other cases, such as fast TFP growth or long-term analysis, neglecting
TFP changes could lead to a distortion in the results of the analysis.
This study claims that incorporating R&D as a factor in the CGE
model is necessary to get higher validity in the case of countries with2 This productivity calculation is based on all other factors except labor and capital. The
detailed methodology is described in OECD (2004).
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
Fig. 1. Trends in TFP growth.
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R&D-based model with a standard one. The results will demonstrate
whether the introduction of knowledge and the endogenous explana-
tion of TFP are signiﬁcant for improving the validity of the CGE model.
The study is organized as follows. Section 2 brieﬂy summarizes the
preceding literature on the R&D-based CGEmodel and validation issues
concerning the CGEmodel. Section 3 explains the difference in structure
between the standard and R&D-based models, and then Section 4 com-
pares the calculations of industry growth by the two models to actual
historical data. Section 5 concludes the main ﬁndings with a discussion.
2. Previous literature
2.1. R&D-based CGE models
It was the late 1990s when the CGE model gave attention to R&D.
Goulder and Schneider (1999) dealt with policy-induced technological
changes as a main feature of their model despite a theme of climate
change. They divided knowledge stock built by R&D into two classes:
spillover knowledge (like public goods) and appropriable knowledge
(like private goods). TFP was deﬁned as a function of the former, but it
was a simple linear function that became a constant in the long run.
The research that concentrated on R&D in the CGE model originated
withDiao andhis colleagues. They proposed awayof incorporatingR&D
into the CGE model based on the endogenous growth theory of Romer
(1990). Their model separated differentiated capital, similar in concept
to knowledge, as an input factor produced through activity in the R&D
sector. Preliminary work by Diao et al. (1996) made the productivity
coefﬁcient a constant. However, subsequent research by Diao et al.
(1999) introduced the productivity change by the spillover effect,
although it was limited to the R&D sector. This setup was in line with
Coe and Helpman (1995): the embodied technology in imported
goods induces international spillover of R&D, so that productivity
grows. This method is also adopted by others like Ghosh (2007) and
Lecca (2009).
Since Diao, researches concerning the R&D-based CGE model have
focusedmore attention on the implementation of TFP,with a few excep-
tions such as Bye et al. (2009) and Bor et al. (2010) who introduced
exogenous factor-augmenting productivity. Visser (2007) assumed
that a TFP change was affected by various elements in the R&D version
of theWorldscanmodel, of the Netherlands Bureau for Economic Policy
Analysis (CPB). That is, TFP is changed by exogenous and endogenous
causes, and the latter is a function of spillovers from three ranges:
intrasectoral, intersectoral, and international spillovers. This model
tried to accept multiple channels of spillover propagation from its own
sector, other domestic sectors, and foreign sectors. Verbič et al. (2009)expressed TFP change with regression equation using two variables:
the share of nationally produced R&D in GDP and the share of foreign
trade in GDP. This setup allows TFP to net direct positive effects from
R&D production and foreign trade.
Zürn et al. (2007) did not express TFP with an explicit coefﬁcient.
However, they nested knowledge stock at the top level of the produc-
tion tree: this means that an increase in knowledge augments the
productivity of other input factors. This is a Hicks-neutral type of tech-
nology progress, which was also adopted in an R&D-based CGE model
of Křístková (2012). In her followingwork (Křístková, 2012), she assorted
private and public R&D sectors. The R&D commodity in the public R&D
sector was designed not only to improve the TFP of its own sector, but
also to have spillover effects on the private R&D sector.
The above studies individually proved that R&D-related policy can
be analyzed by incorporating R&D as an element in the CGE model.
These researchers had different ways of implementing R&D. For exam-
ple, some did not separate the R&D account in the Social Accounting
Matrix (SAM), while others designed their own channel of the spillover
effect to production technology. Since the CGE model for R&D has a
shorter history than the ones for trade, tax, energy, and environment,
its validity test has not gotten sufﬁcient attention yet.2.2. Validation of the CGE model
As Dixon and Jorgenson (2013) pointed out, tests of goodness-of-ﬁt
for the CGE model were not investigated enough after the early studies
(Cook, 1980; Dixon et al., 1978; Johansen, 1960; Taylor et al., 1980). This
may be because CGE modelers have been mainly interested in compar-
ative analysis between baseline and political-impact scenarios, which
was a reason for other modelers to raise doubts about how well the
CGE model ﬁt.
It was Kehoe who offered a detailed report on the validation issue of
the CGE model. Kehoe et al. (1995) made a CGE model of the Spanish
economy to analyze the impact of ﬁscal reform in 1986, which was
related to Spain's entry into the European Community, and compared
the estimations with actual data for 1985–87. The results showed that
the model tracked the actual value of major macroeconomic variables
relatively well when it accepted both policy changes (i.e., changes in
tax and tariff rates) and exogenous shocks (i.e., changes in food and
energy prices).
Kehoe (2005) also tried to evaluate multi-sectoral CGE models for
changes in Canada, Mexico, and the United States after the North
American Free Trade Agreement (NAFTA). The three target models,
however, did not ﬁt well with actual data. He thought that one of the
reasons was a long-term TFP change, and modiﬁed the model by
456 C. Hong et al. / Economic Modelling 42 (2014) 454–463exogenously assigning TFP and trade balance changes,which resulted in
a better ﬁt.
On the other hand, some researchers have tried to enhance the
validity of the model with elasticity parameters. Valenzuela et al.
(2007) tested the price volatility of agricultural products using the
Global Trade Analysis Project (GTAP) model of Hertel (1997).
He found that differences between the actual and estimated data were
caused by the incomplete transmission of world-wheat price signals
to the domestic markets of importing countries. Measurement
of price-transmission elasticities from the real world could improve
correlation between the model and reality. Furthermore, Beckman
et al. (2011) detected that the price volatility of energy was
underestimated in the energy-environmental extension of the GTAP
model (GTAP-E) by Burniaux and Truong (2002). Beckman et al. were
able to estimate similar price volatility for the real world through a re-
parameterization of demand and supply elasticities from the original
model. The two validation researches above revised the original model
for a short period of less than ﬁve years and focused only on price
volatility.
Dixon and Rimmer (2010) used special techniques to make the
model conform to reality. They divided simulation stages into two:
“historical” and “forecast” simulations. In the ﬁrst stage, the model
was forced to track observed data from the past seven years in input,
output, and ﬁnal demand. In this stage, changes in preferences, technol-
ogies, and the demand curve were extracted and passed on to the
second stage to predict the data for the next seven years. This method,
which was also used in Bor et al. (2010), placed more emphasis on
historical data than the structure of the model's equations. The model
could reﬂect observed characteristics from past data, but the depen-
dence on many exogenous variables could obscure interrelationships
among the variables.
Among various attempts to make improvements to the validity of
the model, as described above, Kehoe's works had important implica-
tions in two respects. He presented the comparison between the
estimated and actual data in order to show the explanatory power for
past events. He also pointed out that secular trends like TFP changes
were essential for long-term analysis.
3. Standard model vs. R&D-based model
This study investigates whether the introduction of R&D as an addi-
tional aspect in the CGE model contributes to better ﬁtting with real
data. Therefore, the standard model considered here adopts the typical
form of the CGEmodel generally used, while the R&D-basedmodel adds
R&D descriptions to the standard one. In other words, the R&D-based
model utilizes the R&D-based SAM which has knowledge-related
accounts extracted from the standard SAM. It also comprises extra equa-
tions to treat the new accounts. Except for these additional setups, the
two types of CGE model have the same structure and parameters.
3.1. Data structure in the R&D SAM
R&D activity has generally been regarded as an investment because
it is conducted to create future income. However, the capitalization of
R&D expenditure requires asset valuation, depreciation rate, time lag,
and double counting as prerequisites. These practical difﬁculties made
the 1993 SNA treat R&D spending as a current expenditure that is
used up in the production process. In contrast, the new 2008 SNA
expands the range of ﬁxed assets3 and clariﬁes how to handle R&D
spending for ﬁxed-capital formation.
The SAMused in this study accepts the recommendation of the 2008
SNA to have an additional account for knowledge capital. While there3 The 2008 SNA expanded ﬁxed assets by including intellectual-property products like
software, R&D, entertainment, and literary and artistic originals.are some previous studies that include knowledge account in the
SAM, these placed assumptions on R&D due to the limitations of
extracting knowledge transactions. For example, Sue Wing (2003)
chose some industries with high R&D intensity and assumed these to
be the only sectors conducting R&D. While Ghosh (2007) assumed
that the transaction structure of knowledge capital is the same as that
of physical capital, Lecca (2009) indirectly estimated knowledge trans-
actions based on the Yale Technology Matrix (YTM) built with patent
data.
These speciﬁc assumptions were made because researchers had
troubled in identifying the sector for R&D commodity production.
Hence, their attempts have the limitation of probable distortions in
the real transaction of knowledge. This study adopts a knowledge-
based SAM made by the method of Yang et al. (2012) that needs no
speciﬁc assumptions for the knowledge transaction.
The South Korean ofﬁcial input–output (I–O) table by the Bank of
Korea (the central bank of South Korea) also treats R&D expenditure
as intermediate consumption according to the 1993 SNA. However,
Yang et al. (2012) found that the table separates the R&D production
sector from other sectors when looking at the most-detailed sector
classiﬁcations (402 kinds) in the table. This enabled the researchers to
identify the inter-industry knowledge transaction between the R&D
production sector and the others. Therefore, the knowledge capital
account can be extracted without any assumptions about the sector
for R&D commodity production.
Table 1 shows the ﬁnal form of the knowledge-based SAM used in
the R&D-based CGE model presented in this study. Cells containing
values are marked with diagonal stripes. As compared to the standard
SAM, this one has two additional accounts: “knowledge” in production
factors and “knowledge capital formation” in investment (green-shaded
cells). The latter is subdivided into private and public capital. While the
2008 SNA deﬁnes the intangible asset of intellectual property to be
included in the existing account of physical capital formation, this
study separates the knowledge capital account from the physical capital
account in order to measure the economic effect of R&D investment.
The construction of the knowledge capital account in this study
generally follows the recommendation of the 2008 SNA. Current expen-
diture on R&D, which was initially included in intermediate goods
transactions, has been moved to the production factor account after
checking for who spent it (i.e., the private or the public sector). Capital
expenditure on R&D, which was initially included in physical capital
formation, has been moved to knowledge capital formation in order to
prevent double counting. The transferred value is then subtracted
from the original account.
The value added from knowledge increases household income,
which is a source of additional consumption and savings that beneﬁt
industrial activities. The public knowledge capital formed from govern-
mental R&D constitutes non-rival and non-exclusive public goods that
boost overall production activities.
In Section 4, a knowledge-based SAM is used in the R&D-based
model, while the basic SAM is used in the standard model. The
knowledge-based SAM is reorganized from the basic SAM by moving
R&D expenditure from intermediate-goods transactions to additional
accounts. Therefore, the two kinds of SAM employed in this study
have consistency in data.
3.2. Production of ﬁnal and investment goods
The standard model assumes that ﬁnal goods (Z) are aggregated
with value added (VA) and intermediate goods (X). Value added is
produced with labor (L) and physical capital (K) as the primary input
factors. The difference between the R&D-based model and the standard
model is an additional primary factor—knowledge capital (H)—as
described in Eq. (1). This implies that R&D-basedmodel accepts knowl-
edge as a key factor for production. Here, the knowledge capital is a
sector-speciﬁc asset that is accumulated through R&D investment in
Table 1
Structure of knowledge-based SAM.
Prod. Factor Inst. Invest. T. Row
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
Production
Domestic goods 
Imported goods 
Factor 
Input 
Labor 
Capital 
Knowledge 
Institution 
Household 
Government 
Investment
Physical capital 
Knowledge 
Capital 
Private 
Public 
Tax 
Row
Exports 
Imports 
(1) 
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
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the industrial classiﬁcation standard in South Korean I–O table. Eq. (1)
is as follows:
Zi ¼ g VAi;Xið Þ ¼ min
VAi
aVA;i
;
Xi
aX;i
 !
VAi ¼ f Li;Ki;Hið Þ ¼ cVA;iLαLi KαKi HαHi
where i ¼ 1;2; ⋯; 27
: ð1Þ
The suggested R&D-based model has a detailed description for R&D
investment. R&D investment goods, RDZ (deﬁned below), are generated
through a separate process. Some researchers (Křístková, 2013; Visser,
2007) isolated the R&D sector as an independent industry, but this
study assumes two kinds of R&D composites, in the private and public
sector. This is in line with the classiﬁcation of R&D investment accounts
in the R&D-based SAM. Both the private and public sectors aggregate
RDZ with value added (RVA) and intermediate goods (XV) for R&D,
while RVA is produced with labor (RL) and physical capital (RK) for
R&D as described in Eq. (2). This is because expenditure on R&Dmainly
consists of three items: wage for researchers, physical capital for
research like buildings or equipment, and other costs for supplies.
RDZs ¼ g0 RVAs;XVsð Þ ¼ min
RVAs
aRVA;s
;
XVs
aXV;s
 !
RVAs ¼ f 0 RLs;RKsð Þ ¼ cRVA;sRLαRLs RKαRKs
where s ¼ PRI; GOV
ð2Þ
In addition, the CGE models here are designed to have recursive
dynamics, which means that motion equations are necessary for the
formation of physical and knowledge capital. Accordingly, investment
activity also has two types: physical investment and knowledge invest-
ment. Physical investment (IK) is accumulated to make physical stock4 The Korean I–O table actually contains 28 categories, with the last one being a “dum-
my sector.” The authors have merged it into 27th sector.through the perpetual-inventory method with a constant depreciation
rate (kdep):
Ktþ1 ¼ 1−kdepð ÞKt þ IKt : ð3Þ
The knowledge investment that is added to the R&D-based model
has two kinds of knowledge stocks (private and public) owing to the
setup in Eq. (2). The accumulationmethod is the same as in the physical
investment case, except for a different depreciation rate (rdep).5 The
knowledge stock in the public sector is built by public R&D investment
(RDZGOV), while the knowledge stock in the private sector is sourced
from private R&D investment (RDZPRI). RDZPRI is gross expenditure
on R&D in the private sector, so it is distributed into investments by
individual industries (IRi) to build own knowledge stock:
HGOV ;tþ1 ¼ 1−rdepð ÞHGOV;t þ RDZGOV ;t
Hi; tþ1 ¼ 1−rdepð ÞHi;t þ IRi;t : ð4Þ
The allocation of private investment to each industry follows the
logic of Tobin's Q in Eq. (5) (Jung and Thorbecke, 2001; Křístková,
2012; Lemelin and Decaluwé, 2007). That is, the investment allocation
is decided by the fraction of return to capital and user cost of capital:
IRi
Hi
¼ ζi
PH
PIR rdepþ intrateð Þ
 ξi
; ð5Þ
where the fraction in large parentheses means Tobin's Q ratio. PH is
the return to knowledge stock, PIR is the price for R&D investment,
rdep is the depreciation ratio, and intrate is the interest rate. ζi is
the calibrated-scale parameter and ξi is the elasticity parameter.
The production structure of ﬁnal and investments goods is depicted
in Fig. 2. The structure enclosed by a dotted box is the additional
part for the R&D-based model.5 Depreciation rate may have different values according to knowledge stock in public
and private sectors. However, this study assumes it to be 0.15 in all sectors as a value to
represent average characteristic of knowledge.
6 Korean national statics of “Household Income and Expenditure Survey” deﬁned 12 ﬁ-
nal consumptions as follows: (1) Food and non-alcoholic beverages, (2) alcoholic bever-
ages and tobacco, (3) clothing and footwear, (4) housing, water, electricity, and gas,
(5) furnishings and household equipment, (6) health, (7) transport, (8) communications,
(9) recreations and culture, (10) education, (11) restaurant and hotels, and (12) miscella-
neous goods and services.
Fig. 2. Production of ﬁnal and R&D investment goods.
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Knowledge spillover refers to the phenomenon wherein one's
improvement of an idea creates a positive externality even when unin-
tended for others. Therefore, the price for a knowledge transfer is not
considered. The one-nation model of this paper aims to take a close
look at the effect of R&D in theprivate and public sectors, and according-
ly, the TFP change is modeled with spillovers from these two sectors.
The public and private sectors have different characteristics. Public
R&D bases like university and governmental institutes conduct basic
research, and their outcomes are non-excludable and non-rival. In
contrast, ﬁrms usually carry out applied research as private R&D, and
the outcomes are sector-speciﬁc and appropriable. This context of two
types of R&D is in common with Goulder and Schneider (1999) and
also Křístková (2012). The implementation of TFP in this study is as
given in Eq. (6):
VA i; tð Þ ¼ aVA i; tð ÞZ i; tð Þ
aVA i; tð Þ ¼ aVA i;0ð Þ=spl i; tð Þ ð6Þ
where aVA is the fraction of value added to produce ﬁnal output. As aVA
decreases, the value added which is required for the same output
becomes lesser, and this is deﬁned as technical progress. aVA is deﬁned
as a function of the spillover coefﬁcient (spl). The larger the spillover
effect, the higher the technical progress.
The spl term is deﬁned as a function of governmental knowledge
stock (Hgov) and other industry sectors' knowledge stock (Hother). A
sector's own knowledge stock is used as a primary input factor in
production, and so is not added in this spillover equation.
spl i; tð Þ ¼ aspl ið Þ Hgov tð Þ
h igrdes
Hother i; tð Þ½ rdes ið Þ
Hother i; tð Þ ¼
X
j≠i
intindwt j; ið ÞH jð Þ ð7Þ
where aspl(i) is the calibrated coefﬁcient, while grdes and rdes(i) are
elasticities of public and private knowledge stocks, respectively.
Eq. (7) expresses that spillover is transferred from others' knowledge,including government and other industries. The spillover between
industries is weighted by the parameter intindwt, which is deﬁned as
the ratio of inter-industry transactions to total intermediate goods turn-
over. Total industry turnover includes both domestic and imported
goods, and thus, the spillover from foreign technology is also consid-
ered. This weight parameter is determined in the I–O table of the base
year. The elasticity values are from the ofﬁcial reports of the South
Korean national institutes: grdes is assumed to be 0.25 based on the
estimated rage of elasticity in Hwang et al. (2008), and rdes(i) are
cited from estimations by the Korea Institute for Industrial Economics
and Trade (Cho, 2003). The value of grdes is assumed to be common
to all sectors because the results are not very sensitive to the variations
of grdes for each sector. The values of rdes(i) are listed in theAppendix A.
3.4. Other common structures
The demand structure is common to both the standard and the R&D-
based models. Final output splits into domestic and export goods by a
constant elasticity of transformation (CET) function under Armington's
assumption. The domestic and imported goods constitute total demand
by a constant elasticity of substitution (CES) function. Total demand is
spent in the form of intermediate goods, investment, and household
and government consumption.
The utility of a household (U) is deﬁned using the Cobb–Douglas
function of commodity consumption and maximized in every period,
as in Eq. (8). The 12 ﬁnal consumption commodities (COM)6 are
redeﬁned from 27 household consumption goods (Xp). It is more
practical for a household to use ﬁnal consumption commodities than
industrial ﬁnal goods, such as “non-metallic minerals”. The conversion
Table 2
Fitness of industrial output estimates from the two models.
ID
Sector 
description
MAD MAPE Slope
STD R&D STD R&D Actual STD R&D
S01
Agriculture, forestry, 
and fisheries 1,478.8 3,508.0 33.3 79.3 121.2 355.3 644.4 
S02
Mining and 
quarrying 203.0 357.7 63.6 110.2 3.4 25.9 49.9 
S03
Food, beverages and
tobacco prod. 958.2 3,799.0 12.3 50.2 334.9 517.1 928.7 
S04 Textile and apparel 676.9 1,313.3 14.4 29.5 40.7 64.2 309.0 
S05
Wood and paper 
products 270.8 862.9 13.3 41.6 86.4 121.3 207.6 
S06
Printing and 
publishing 523.1 972.4 67.9 121.3 -3.1 102.1 167.3 
S07
Petroleum and coal 
products 3,568.4 2,615.1 43.4 31.9 755.6 157.5 303.3 
S08
Chemicals, drugs and 
medicines 3,779.7 1,154.5 25.1 7.3 1,079.0 349.0 785.1 
S09
Non-metallic mineral
products 933.4 1,284.7 37.9 52.2 117.6 246.5 294.5 
S10 Basic metal products 3,045.7 2,232.0 19.5 16.3 1,111.4 342.0 571.0 
S11
Fabricated metal
products 717.2 611.4 16.9 18.6 391.6 244.1 296.0 
S12
General machinery 
and equipment 927.8 739.4 13.2 13.0 558.4 334.7 412.2 
S13
Electronic and 
electrical equip. 6,776.4 1,761.5 32.7 8.6 1,548.5 350.7 1,203.2 
S14 Precision instruments 287.8 139.4 23.0 12.3 89.2 27.6 57.1 
S15
Transportation 
equipment 2,570.9 1,729.9 18.8 14.3 1,121.8 565.3 720.2 
S16
Furniture and other 
manufactured prod. 139.9 476.9 11.8 36.3 75.8 86.6 133.2 
S17
Electric, gas, steam  
and water supply 1,593.7 940.3 32.7 19.5 390.9 132.4 226.6 
S18 Construction 7,403.8 6,897.1 48.4 46.0 766.7 2,044.6 1,855.0 
S19
Wholesale and retail 
trade 540.4 2,941.8 7.2 31.7 694.0 639.1 1,014.3 
S20
Accommodation and 
food services 3,197.4 2,835.5 54.7 50.2 543.3 61.8 119.4 
S21
Transportation and 
warehousing 1,477.8 451.9 17.5 6.8 552.2 276.1 513.9 
S22
Communications and 
broadcasting services 1,644.7 1,089.1 36.8 25.3 352.0 143.6 222.8 
S23
Finance and
insurance 1,033.9 1,149.7 11.7 14.0 699.3 543.2 860.7 
S24
Real estate and 
business services 4,244.3 957.6 21.5 5.8 1,426.1 824.1 1,327.6 
S25
Public administration
and defense 1,756.3 410.3 25.4 6.2 498.3 211.9 417.5 
S26
Educational, health
and social work 2,639.8 1,888.4 21.4 16.9 958.4 505.6 703.7 
S27 Other services 1,812.5 411.6 18.3 6.2 700.6 376.8 664.8 
Industry total 28,895.1 9,418.9 13.2 6.0 15,014.2 9,649.3 15,009.1 
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460 C. Hong et al. / Economic Modelling 42 (2014) 454–463from Xp to COM used a 12 × 27 transformation matrix based
on matching information between 78 detailed industries and 12
commodities.
Maximize U ¼∏
c
COM cð Þð Þα cð Þwhere c ¼ 1; 2; ⋯; 12 ð8Þ
Macro-closure is satisﬁed by the manner in which household and
government savings meet investment demand. Trade balance is also
taken into account in the case of physical capital. In each nested hierar-
chy, demand equals supply as income equals expenditure. Furthermore,
all common parameters are set to be the same in both the standard and
R&D-based models.
4. Empirical results in the baseline scenario
To check the ﬁt with actual data, eachmodel has the base year: 1995.
Estimates are taken for 15 years until 2010. Themodels do not employ a
policy-shock scenario but calculate industry changes in the baseline
scenario. The models follow a recursive dynamics process whose
growth determinant is saving or investment in the current period. The
endogenous decision logic for the physical investment is obviously
meaningful for the completeness of themodel, but this research exoge-
nously provides the real value of past physical investment because its
concern is the effect of adding R&D as an additional element in the
CGE model. The actual values, which are time-series data for gross
investment from 1995 to 2010, are obtained from statistics by the
Bank of Korea, and adjusted by a GDP deﬂator. The physical and knowl-
edge stocks in the base year are estimated by the Korea Productivity
Center (a public corporation) and the Bank of Korea, respectively.
In the two CGE models, the ﬁnal output value of each industry is
calculated by multiplying output quantity (Zi) and relative price (pZi).
Actual output data values are obtained from the ofﬁcial I–O tables of
the Bank of Korea. Because an I–O table was not tabulated every year,
values for missed years (1996, 1997, 1999, 2001, 2002, and 2004) are
proportionally estimated according to the real GDP growth rate.
The indices used to measure the goodness-of-ﬁt are mean absolute
deviation (MAD) and mean absolute percentage error (MAPE). The
two measures calculate the degree of error in time-series data as
deﬁned in Eq. (9), and thus a smaller value implies an estimate closer
to actual data. Moreover, the slopes of the approximated linear regres-
sion for industrial time-series data are identiﬁed to compare these
values with the growth trends. Accordingly, a value closer to the actualFig. 3. Estimations of whole-industry output frslop means a more accurate estimation. The results are described in
Table 2.
MAD :
1
n
Xn
t¼1
Yt−Y^ t
 
MAPE :
1
n
Xn
t¼1
Yt−Y^ t
Yt

 100
Regression : Y^ t ¼ atþ b
where Yt : Real value of industry output
Y^ t : Estimated value of industry output through CGE model
a : Slope of regressed equation
ð9Þ
Table 2 enables us to compare the performance of the twomodels by
each index. Bold characterswith shaded cells in the table indicate closer
results with actual data. The R&D-based model shows better results in
16 or 17 industries out of 27, but these industries occupy about 75.5%
(in 1995) of the total output. Thus, the estimations for total industry
are displayed in Fig. 3, which shows that the R&D-based model can be
said to be more accurate in general.
To examine the results minutely, the industries in which the R&D-
based model shows better performance are addressed ﬁrst. Fig. 4
depicts the top two sectors in scale among them: “Electronic and electri-
cal equipment” (S13) and “Real estate and business services” (S24). The
average annual real output growth for the two sectors is 9.5% and 11.9%.
Further, the R&D-based model traces more similar growth trends than
the standard model. Actually, these sectors are regarded to be
knowledge-intensive sectors, hence knowledge input and TFP changes
in the R&D-based model can be considered to be effective in describing
their dynamics.
On the other hand, Fig. 5 depicts the top two sectors in scale among
those estimated better by the standard model. These are “Food, bever-
ages and tobacco products” (S03) and “Wholesale and retail trade”
(S19), whose average real annual growth is 5.7% and 8.4%, respectively.
In these sectors, the R&D-basedmodel overestimates the outputs, while
the standard model is relatively better. This means that the effect of
knowledge in the R&D-based model was too strong for these sectors.
If we see the TFP design in Eq. (7), the misleading may be caused by
the effect from two elements: knowledge stocks of government and
other industries. For example, the beneﬁt from government knowledge
may be overvalued for these sectors, or the elasticities from othersom the standard and R&D-based models.
Fig. 4. Sectors where the R&D-based model shows better estimation.
461C. Hong et al. / Economic Modelling 42 (2014) 454–463(rdes(i)) may be overestimated. Therefore, the R&D-basedmodel needs
to reexamine or adjust its parameters, especially for those industries.
Two industries are ambiguous in terms of whichmodel is preferable.
These are “Construction” (S18) and “Finance and insurance” (S23),
whose time-series data are displayed in Fig. 6. The construction sector
was the biggest sector in the base year (1995), but by 2010, it had
dropped to the sixth position due to a low growth rate. Despite the
actual data, the two CGE models similarly overestimate growth in this
sector. It can be supposed that the reason is the sector's dominance
over other industries in the base year, which is not inﬂuenced as
much by the model structure. In the case of ﬁnance and insurance, the
R&D-based model overestimates the result while the standard model
underestimates it. This sector has experienced TFP growth, but this
growth is not enough to be explained by the logic of the R&D setup,
which is the conjectured reason for middle-level estimation between
the two models.
5. Conclusion
The integration of R&D as an element in the CGE model has been
tried during the past few years. While this is proper in light of the
increasing proportions of knowledge-based industries, the validity of
the R&D-based CGE model has not been tested. In this regard, this
study tries to verify whether the R&D-based model has practical mean-
ing, and evaluates theﬁt of themodelwith actual data. The advantage of
the R&D-basedmodel is considered to overcome standardmodel in two
aspects: two typical input factors (labor and capital) and ﬁxed TFP coef-
ﬁcient. Therefore, the proposed R&D-based model regards knowledge
stock as an additional primary input factor, and adopts knowledge spill-
over to have a positive effect on TFP. The estimation performance of the
R&D-based model is compared to the standard model which omits
these knowledge setups.Fig. 5. Sectors where the standard mSouth Korean economic data for 1995 is selected to build the base-
year SAM, and dynamic equations solve ﬁnal output for industries
until the year 2010. Because this validation process does not aim to
forecast, the factor endowments of labor and physical capital are exog-
enously given with actual data. The time-series data are calculated
through a baseline scenario. Here, one may raise a question why there
is no consideration of various exogenous shocks until 2010 in the real
world. However, the main determinants of industrial growth are factor
endowments which were already given with real data, and thus exoge-
nous shocks in the real world were actually reﬂected in those data.
Though incorporating an additional shock may contribute to better
model ﬁt, there is a risk of the shock being arbitrary concerning its
type and size.
The results show that the estimation performance of the R&D-based
model is better in two-thirds of the 27 industries. Because the R&D-
based model is better in the industries with a higher output share of
GDP, its overall performance is satisfactory (as in Fig. 3). Thus, we con-
clude that the two setups, knowledge stock and knowledge spillover, in
the R&D-basedmodel can be said to be valid. Nevertheless, if one needs
to improve the model, especially for the industries with lower estima-
tion performance, setup of knowledge spillover may be the clue. For
example, the elasticity parameter of knowledge stock can be revisited.
Otherwise, the R&D-based model may adopt extra coefﬁcients of
absorptive capacity in the spillover function (spl) intending to adjust
the size of the spillover effect as in Das and Powell (2001). This kind
of treatment for industrial TFP changes is expected to improve the
validity of the CGE model.
While the CGE model has advantages in theoretical integrity, its
deductive logic, which does not need historical data, has been suspected
of causing the mismatch with reality. In particular, the limited number
of input factors and the ﬁxed value of the productivity coefﬁcient are
thought to be insufﬁcient descriptions for modern production patternsodel shows better estimation.
Fig. 6. Sectors where neither model shows good estimation.
462 C. Hong et al. / Economic Modelling 42 (2014) 454–463in knowledge-based industries. This study found that long-term analy-
sis with the standard CGE model leads to relatively big differences in
real-industry growth. Therefore, using the CGE model for a long time
horizon needs additional descriptions for productivity, and the R&D-
basedmodel can be a valid counterplan. International standards already
adopt and recommend the 2008 SNA for knowledge handling, and as
such, the R&D-basedmodel is expected to be a more proper alternative.Acknowledgment
This work was supported by the National Research Foundation of
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2013R1A2A2A03014744).Appendix ATable A1
Elasticity of industry knowledge stock.
Sector ID rdes(i) Sector ID rdes(i)
S01 0.013 S15 0.124
S02 0.010 S16 0.140
S03 0.013 S17 0.100
S04 0.152 S18 0.100
S05 0.073 S19 0.010
S06 0.061 S20 0.010
S07 0.008 S21 0.010
S08 0.060 S22 0.150
S09 0.076 S23 0.010
S10 0.037 S24 0.010
S11 0.074 S25 0.010
S12 0.087 S26 0.010
S13 0.097 S27 0.010
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